
Introduction 
   

The Waltham site of Bristol-Myers Squibb is 

focused on feeding the biologics aspect of the 

pharmaceutical pipeline. Using an antibody 

mimetic scaffold and in-vitro display technology 

to directly evolve proteins suitable for in vivo use, 

the company can identify affinity targets for many 

antagonist and agonist disease receptors in the 

human body. Through in vitro selection of 

proteins, in vitro binding and affinity assays, and 

in vivo mouse studies of the safety and efficacy, 

biologic drug candidates are prepared for the 

pipeline of the company.  

 

Activity  

As the Selections Technology co-op, I performed 

in vitro selections of the monoclonal antibodies, 

called Adnectins. Through a stepwise process, 

called PROfusion, of transcription of double 

stranded DNA into mRNA; photoligation to a 

puromycin linker; translation to construct the 

protein-mRNA fusion; and to create adducts of 

which the target protein can be introduced and 

target binders isolated. Polymerase chain reaction 

on the high affinity molecules amplify and enrich 

the pool for further rounds of affinity selection. In 

addition to several naïve selections carried out 

against cancer targets, a project on mutagenic 

PCR was also undertaken to streamline the 

optimization process and allow for increased 

diversity in the selection pool. Yeast display 

selections using post PROfusion populations of 

target binders were also carried out using 

fluorescent activated cell sorting.  
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Outcomes 
While on co-op, I conducted similar research and 

lab protocols to the research associates of my 

group. Through the broad spectrum of tools and 

technologies I was exposed to, I was able to 

successfully produce binding populations to 

several key cancer targets using the fibronectin 

mimetic scaffold unique to Bristol-Myers Squibb.  

 

  

Reflection 
 Through my experience at Bristol-Myers 

Squibb, I was exposed to a plethora of laboratory 

equipment, many different technologies, and 

biological and chemical techniques that I had yet 

to master. The time spent on co-op increased my 

desire to conduct research as a career path, as well 

as increased my autonomy and decision-making 

skills in experimental situations. I found that my 

exposure to the true experience of working in the 

pharmaceutical industry helped hone my career 

focus and provided a basis for laboratory 

proficiency and technique. Through use of 

instrumentation such as a FACSaria machine, 

Nanodrop, qPCR quantification, and automation 

tools, I was able to gain a breadth of knowledge in 

current technologies and research procedures. 

Paige Dickson 

Bristol-Myers Squibb, Waltham site 

Literature cited 
Hackel, Benjamin J., Atul Kapila, K. Dane 

Wittrup. Picomolar affinity fibronectin 

domains engineered utilizing loop length 

diversity, recursive mutagenesis, and loop 

shuffling. Journal of Molecular Biology 381: 

1238-1252 

Lipovsek, Dasa, Andreas Pluckthun. 2004.In vitro 

protein evolution by ribosome display and 

mRNA display. Journal of Immunological 

Methods 290:51-67. 

Takahashi, Terry T., Ryan J. Austin, Richard 

Roberts. 2003. mRNA display: ligand 

discovery, interaction, analysis and beyond. 

TRENDS in Biological Science 28:159-165. 

Figure 2. 

http://www.rsc.org/ej/CC/2010/c0cc01475c/c0

cc01475c-f2.gif 

Figure 3. Three loops of fibronectin that mimic 

the complementary determining regions of IgG. 

In selections, a library of 1014 unique molecules 

are constructed through step-wise 

oligonucleotide ligation. 

 Data for a typical selection is collected using 

qPCR, or real time PCR through fluorescence. 

Intercalating dye is added to a sample of the 

enriched pool of target binders and PCR is carried 

out until adequate fluorescent signal is captured 

(Figure 7). Through comparison of the results from 

the pre- and post-selection populations, the percent 

binding can be obtained (Figure 4).  Patterns for a 

successful selection see exponential growth 

following identification of a strong binding 

population, usually about 1% around rounds 3-5. If 

this data trend is not seen, indications of a failed 

selection or possibility of non-specific enrichment 

can occur, both of which hinder the chances of 

isolating a strong affinity binder.  
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Figure 6.  Enrichment of fluorescent signal in a 

typical yeast display selection. Through this 

technology, better control over the selection can 

take place and more representative binding 

populations can be isolated. 

 Yeast display was another in vitro 

technology used to isolate high-affinity proteins, 

through exploitation of known protein-protein 

interactions and fluorescent activated cell sorting. 

Plasmids containing the protein variant DNA 

sequence are transformed into yeast and induced 

to express the protein on each cell’s surface. After 

interaction of of fluorophore-conjugated target 

and streptavidin (Figure 5), cells are sorted for 

target binding through the emitted signal. The 

results of enrichment can be seen through 

formation of a positively linear cell sorting pattern 

over several rounds (Figure 6).  

Directed protein evolution as an optimized biologics pipeline tool 

Figure 1. On the left is the variable domain of 

the IgG antibody, on the right is the 

corresponding tenth fibronectin type III 

domain III that has similar structure and is 

used as a mimetic . 

 

  

Target-binding 

enrichment through 

selection 

 Data for a typical selection is collected using 

qPCR, or real time PCR through fluorescence. 

Intercalating dye is added to a sample of the 

enriched pool of target binders and PCR is carried 

out until adequate fluorescent signal is captured. 

Through comparison of the results from the pre- and 

post-selection populations, the percent binding can 

be obtained (Figure 4).  Patterns for a successful 

selection see exponential growth following 

identification of a strong binding population, usually 

about 1% around rounds 3-5. If this data trend is not 

seen, indications of a failed selection or possibility 

of non-specific enrichment can occur, both of which 

hinder the chances of isolating a strong affinity 

binder.  

 Beyond the conventional PROfusion 

protocol of naïve library construction, 

optimization selections occur in order to 

potentially identify higher-affinity binders from a 

pool of variants based off of known target-

binders. Mutagenic PCR is known to increase 

diversity in nucleic acid code through intentional 

incorporation of incorrect base pairs. This can 

further increase diversity of the variable loops of 

the molecule to isolate a high affinity variant, 

however also produces scaffold mutations that can 

cause misformed proteins.  Through successive 

selection rounds and integrated mutagenic PCR, 

conditions for optimized mutagenesis were 

identified.   

Through mRNA display selection I was able to 

isolate a target binding population for several 

appealing targets for the pharmaceutical pipeline, 

and presented my findings to the Selection 

Technologies group. As well as smaller group 

presentations of raw data, my co-op culminated in 

a staff meeting symposium of the mutagenic PCR 

optimization research I performed.  

Figure 4: Sample 

streptavidin in-vitro 

selection results for 

target binder 

identification 

Figure 5: Protein-

protein interactions 

that contribute to 

the functionality of 

yeast display 

Figure 7.  qPCR 

intercalation process 

that allows for 

fluorescent signal 

detection. 


